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Spectrographic analyses of' limestones as a pos-
sible method of correlation of geologic 1'0 rmat t ons is an
al together new line of investi.gation. As far as known
the only previous work consists of a few analyses made by
.c<°redLines* in his bachelor tb.esois work at Montana School
of lrlines in the spring of 1~42. Line s worked on the hy-
pothesis that it wouLd probably be possible to differentiate
between limestones by spectrographic analyses, but his
results were far too incomplete t.o use as a basis for any
for definite statement.
It has been the author s aim to investigate this
problem as thoroughly as possible, and to establish a
method of analysis which wouLd prove both practical and
useful. blany investigations were carried on, and several
methods have been discarded for a variety of reasons which
~ill be fully explained later on in thlS reporto
The Ilmitod amount of timG available for the
rroblem did not prove to be sufficient to make any cor-
relations as was originally intended. Instead, the
allotted time during the whole 1842-43 school year was
spent in experimenting vlith various procedures in the
hope of establishing a practical method of analysis by
which the limestones could be distinguishedo
-ll-Llnes, J:I'redG.; Insoluble .I:1:esidueof the .LowerMfssls--
sippian Limestones of the yladison Group; Bachelor Thesis,
10n~ana School of ines, 1942.
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'J:hework vas carefully super-vi.aed at all times
by Dr. E. S. Perry and Dr. L. L. Sloss of the Geology
Department of Montana School 011' IlJ.ines,and especially by
Dro S. R. B. Cooke of the Mineral Dressing Department under
whose supervision the spectrographic investigations were
madeo
THE SPECTROGRAPH
Theory
lhe theory of the spectrograph-is similar to
that of the spectroscope. Briefly, it is as follows:
Ordinary lighc from some source is passed through a lens
to a quartz prism which breaks up the light as it goes
through by progressively retarding some wave s more than
others. 'The light then passes through another lens wh Lch
focusses the rays on the eyepiece. A diagramatic sketch
of a spectroscope is shown in figure 1.
Excitation
Every element mnits wave lengths characteristic
of that element only, provided that the element is proper-
ly excited. At the present time, four methods of excitation
are used in ordinary spectroscopic work. They are (1) the
flame of the Bunsen burner, (2) the oxygen-hydrogen. flame, (3)
the electric arc, and 4) the electric spark. The first two
cannot be used to any great extent becau.se the temperatures
are too low to excite many elements. The electric arc
vith a ,temperature of about 60000 centigrade and the
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Figure 1. --- Diasramatic Sketch of a Spectro.cope
electric spark with a temperature of approximately 10,0000
centigrade can be used to determine 79 out of the 96 ele-
mentsin61uding radium and other radio-active elements
which, however, can be better and more accurately deter-
mined by means of an electroscope. Gaseous elements can
be determined but other means of excitation must. be used.
Although the temperature of the electric spark
is higher than that of the electric arc, more satisfactory
resul ts can be obtained by the use'__of the arc. This is
explained by the fact that the electric arc presents more
area thereby causing the substance to volatilize more
readily, and the electric spark cannot be used for non
-conducting samples.
~ensitivity
The sensitivity of the spectr.ograph to different
elements can be shown by the following table listing
percentages which can be determined:
Na 1 ten millionth of 1%
eu lone hundred thousandth of 1%
Bi 1 ten thousandth of 1%
Y lone hundredth of 1%
From this it can be seen that the spectrograph
can be used to determine the presence and amount of elements
which occur in quantities too small to be noted by the
microscope or to be determined by ordinary chemical methods.
units of Measurement
'fhe common unit of measurement of wave lengths
of light is the fulgstrom unit (~. u.) which is equal to
10-8 centimeters or one lOO,OOO,oOOth of a centimeter.
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~he length of a light wave has been designated
as the distance between two successive crests or troughs,
or any corresponding distance along the wave. The usual
range of the spectroscope is as follows:
Infra red ----------------- 10,000 R. U.
Visible ------------------- 5,000 If II
Ultra Violet -------------- 2 000 11 II,
.AccuraCil
Spectrographic analyses can be made having an
accuracy of plus or minus three per cent of the amount of
the element present. .!:t'orthis reason the smaller the amount
present, the more accurate the spectrographic analysis.
Five-foot Wadsworth I]ype Grating Spectrograph
A five-foot 'adsworth type grating spectrograph.,
is the type 01' Lns t.r-umerrtused in the research laboratory
of the 1 ineral Dressing Department of 'theMontana School
of Mines and ViaS the one used in this wo.rk, Basically,
its principle is the same as that of the quartz spectrograph·
except a diffraction grating is used in place of the quartz
prism.
Diaphragms placed over the slit perm lt the opera-
cor to make several analyses on one film. A rotating
sector is used to cut down the amount of light and
prevent over-exposure 01' the film. In thi s work the
size opening of the seotor is set at some arb~trary figure
depending on the type C?fanalysis being made. A step
sector is used in place of the regular rotating sector
-5-
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in some experimental work. It permits different densities
of the spectrum to be photographed on one film as a test
to see what size opening is best for the analysis to be
made. The ordinary rotating sector then can be adjusted
~o ~he size opening desired.
A sample is placed in the cathode and volatilized
by the arc. il.'hespectrum given off by this excitation is
photographed and the film developed. Inspection of
t.hs film f'oILows , wLt.hunk own elements eletermined by
measuring distances from an unkown line to an iron line
of known lengtho All iron lines have been accurately de-
termined and charts of their positions have been made.
The Waels\'lorth"type grating spectrograph used
at Montana School of Mines was built by Dr. S. R. B.
Cooke and Robert Wilson.
Focussing of Camera
The focussing of the cmaera in the spectrograph
is a relatively simple operationo First, an approxi-
mate focu.s is obtained by volatilizing a sample and
viewing ~he visible spectrum thus produced with the
naked eye. An exact focus is then obtained 'with the
aid of an iron arc of which tVlelve exposures or more are
made on a film wi~h a slight change in focus for each
exposure. The film thus obtained can be exrunined and
the proper focus decided upon. A filter was used t,o cut
-7-
out the ultra violet spectrum during focus.sing operations.
Omission of the Condensing Lens
The primary object of omitting the condensing
lens from the spectrograph is to obtain a more steady
exposure on nhe film from the sample being analyzed.
nith the condensing lens omitted the arc gives off a spher-
ical front of light allowing a more steady exposure of
the film. :';'hiswould tend to give more accurate results
as much of the error due to flickering woul.d be eliminated.
\vith the condensing lens in, the arc gives off light which
is focussed on the slit, but it flickers rather badly,
and is not always projected directly on the slit. As a
result, the light intensity varies from a maximum when
the lens focusses it directly on the slit to zero when
it is completely off the slit. f.l·hiscauses a variation
in the results, and should if possible be eliminated from
semi-quantitative or quantitative analyseso
Eastman safety positive film instead of Eastman
ni trate film was used in some experiments performed without
the condensing lens. Deeper electrodes were used to pre-
vent the' sample from blowing out as soon as the current
was turned on. Also, in some cases, a 10 millegram smaple
instead of the five millegra m samples used for qualita-
tive and semi-quantitive work was used. Enough time to
cause complete volatilization of the sronple was allowed
with the slit being covered until the graphite covering
on the sample was burned off •
...·8..
Bxperiments with a metal guard in front of the
arc Ivere more 01' less a failure because of the lines of
the spectrum thus obtained were too faint to work-with
satisfactorily.
Another method without the condensing lens Ylas
tried omltting the metal guard and using orthochromatic
film y{hich is more sensitive than others. 'rheprinciple
objections to this film are the facts that it fogs much
more readily and does not have the accuracy ofthe process
film used on most of the other experiments. xe su.lts v/ere
unsatisfactory, mainly because the film does no t get
sufficient light without the condensing lens. Also, a
distinct e.Lect r-ode effect, the lines being darker at the
bottom ofthe spectrograms than at the top, was noted on
films obtained by this method.
From these experiments without the condensing
lens it Vias found- necessary to retain the lens in the
spectrographic system. Also, use of process film instead
of orthochromatic film was definitely decided upon to a-
void any possibility of heavy fogging.
DENSITOMETER
Theory of the Barrier Photoelectric Cell Microdensitometer
The principle involved in some densitometers is
similar to that:;of the barrier photoelectric cell micro-
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densitome"ter. Briefly this principle can be stated as
follows: Light from some source is passed through a
spectrogram and the intensity of the light before
and after it passes through the film is determined. From
this the density of the lines of the film can be measured.
If Ii is the initial light intensity and if no
lines are present on the film, it will be the intensity
which is measured. However, if lines are present the
light intensi ty which will be measured will be It·Yfhich
necessarily must be les~ than ~i. Then,
'rr-ansmtast on = It
Ii
and, opacity (Op) - 1- Ii
-,..---It
= T
llherefore, the density (D) is found as follows:
D = 10glO (Op) = 10glO _ = l')g10 Ii
ItT
Because of the fact that different quantities
of an element will vary the intensity of the lines in the
spectrum, quantitative analyses can be made with the aid
of the microdensitometer. However, the mathematical cal-
cUlations involved are rather lengthy and tedious and con-
siderable time is involved.
Gaertner Microdensitometer
The microdensitometer used for quantitative an-
nlyses at JJ.ontanaSchool of Mines is of the Hartmann de-
sign and is manufactured by the Uaertner Scientific Cor=
poration. The principle feature of the Hartmann design
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consists in the utilization of a divided beam of light,
one beam serving to illuminate the photographic plate,
the other serving to illuminate the wedge. 'i'hisdesign
has been modified to some extent by the Gaertner Scienti-
fic Corporation, the base plate being turned up to an
angle of about 450 with the horizontal, the plate
supported by a 'l'-square,and the ocular placed directly
facing the plate. J:he wedge used is a neutral dyed gel-
atin wedge for which the laY! of increase of density is
linear. This wsdge , made by Eastman Kodak Company, has
a length of 10 centimeters, its density varying from 0
to 4.0. It carries an index which reads against a milli-
.me t ar- scale, the 'vedge being mounted on a steel tape which
is stretched over two pulleys, one of them with a knurled
head.
In the Hartmann design a sliding cube is used
for finding, but this is dispensed within the Gaertner
instrument. instead a horizontal silvered strip covering
0.8 millimeters of the plate is employed in the cube. The
center of this strip is t.r-aver-sed by a slit 0.1 millimeter
wide permitting one·to see through it the image of the
center of the field on the spectrum plate or film.
In adjusting it is only necessary to bring the
line to be measured onto the slit. '.L'hewedge is then ad-
justed until the density of the "Y'edge,as seen in the
-11-
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Figure 3. --- Optical dlagra~ or a Gaertner Microdensitometer
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horizontal strip, matches the density of the line as seen
in the vertical slit.
PREPARATION OF SP~LES
Grinding
The first step in the preparation of s~mples
for analysis is the preliminary grinding of the sample
YThich is accomplished in an iron mortar with an iron pestle.
~he limestone samples are reduced to about -100 mesh by this
method 0 During this grinding, and in all further opar-a-
tions, great care must be taken not to contaminate the sam-
ple vii th any foreign substance. As previously explained,
the spectrograph is capable .of detecting the most minute
quantities of material. i;ven cigarette ash in the smallest
amounts can contaminate the sample as the ash con~ains li-
thium in relatively large quantities.
A final grinding is given the samples in a
porcelain mortar. In this case, the material is ground
to about -200 mesh for two reasons; (1) such fineness is
necessary in order to secure a true smaple of the desired
size, and ~2) volatilization of the sample will be much
more rapid in the electric arc.
'i'heoryof Semi-quantitative Analyses
Semi-quan~itative analyses are by far ~he most
common type of analyses made by means of the spectrograph.
'1'heycan be made much more rapidly than quantitative an-
alyses. An estimation of the amount of any element
present can also be mad"EJby comparing the intensity of'
the lines photographed. 'lrhe first analyses made by this
method were intended to be principally qualitative as it
was thought at that time that differences between the
samples analyzed wou Ld show up by the presence or abscence
of certain elements or combinations of elements. }'or this
reason,. it seemed that a method of concentrating the sam-
ple wou Ld .be feasible as it;wou Ld tend to eliminate common
elements that would not;be diagnostic and thereby increase
the sons ttivi ty the analysis. 'I'WO mo t.hods of concentra-
tion were tried, namely, treatment, vn i.hacid and i...reaGTI1ent
with carbon-dioxide.
Acid. :JLr€atment
Acetic acid was used for the acid treatment
mainly because it is a relatively weak acid and vdll not
dissolve much besides the calcium. The procedure used in
performing the actual concentration is described elsenhere
in this report. une element wh i.ch could not be used as
diagnostic because of this treatment was lead. Most
common compounds of lead vrouLd be removed by the
acetic acid forming lead acetate, which·is soluble in water.
If, however, the lead TIere present as lead sulphide it
would probably remain in the samply and show up in the
spectrogram. in all probability, there are other elements
which would be affected by the acetic acid treatment.
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'iheoretically, if a ten gram sample was used to start viith
and was reduced to about 5 milligrams by the acid treatment,
the concentration wonld be in the neighborhood of 2000
times. Actually, however, the concentration of samples
varied from a maximum of,50 times to a minimum of 3 times.
Acid treatment of samples was abandoned because
it Vias possibly af'f eot Lng elements like barium and stronti-
U111 which may have been diagnostic" Also, when strictly
qualitative analyses vere discarded there was no advantage
in concentrating the samples by this method.
Carbon-dioxide Method
Another,method of concentration of samples that
was tried and discarded is the carbon-dioxide method.
Calcium carbonate is relatively insoluble in vlater alone,
but if it is finely dispersed and carbon dioxide is allowed
to bubble through the suspension the ca1ciura carbonate
will go into solution. The chemical equation for this
reaction is as follows:
CaC03 +H20 .. CO2 -t Ca(HC03)2
This method was tried in the f'oLl ovrdng manner:
'ien grams of the sample were weighed out and dispersed in
1000 cc of water and carbon dioxide was passed through'
the mixture. Some ca.lcLum carbonate werrt into solution,
but the amount Y/as insufficient" Because of thi ~, the
,
(mixture was allowed to settle aDd the water was~replaced
TIith fresh distilled water" However, Bven with this
treatment six Iiters of wat.er were required to cause the
dissolution of one gram of the carbonateo the carbon dioxide
was supplied from a connnercial cylinder of the gas. Be-
cause ~he method did not remove enough of the carbonate,
and because of the great amount of time involved in the
operation the process vas discarded.
'rheor-ett.calLy , the carbon dioxide treatment wcu Ld
have been an ideal method of concentration because only
the calcium wou l.dhave been removed which would be a decided
advantage over the acetic acid method of concentration.
Procedure for Semi-quantitative Analysis
The procedure used in making semi-quantitative
analyses with the spectrograph is as follows: Five mille-
grams of the sample (either original sampLe or acid residue)
is weighed out on a delicate precision balance. The
\"[eighedsample is then placed in an electrode which is a
piece of graphite about one-quarter inch in diameter and
one inch in length with one end hollowed out. 11'hesample
is covered with powd er-ed graphite to prevent the mass from
blowing out the instant the power is turned on. ~t is
particularly difficult to prevent limesl,one samples from
blowing out due to the formation of Carbon dioxide gas
in the sample. For this reason it is necessary to tamp
the samples dOVln well to insure complete volatilization.
1he electrode is then placed in a holder and the electric
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current is turned on forming an arc between this electrode
and another of solid graphite. '..I.'her-e su.lting light given
off is focussed on the slit of the spectrograph and a
photographic record is obtained. All analyses by this
method are made in th~ ultra violet region of the spec-
trum because all elements have ,lines in this part. In
making an analysis, an iron arc spectrum is also photo-
graphed to furnish a standard from which other elements
can be determined. Iron is uiSed because of the large
number of iron lines in the spectrum, and particularly
because these lines are dispersed throughout the ultra
violet; spectrum.' Two methods have been used in making
analyses, namely, the anode, or common method, and t;he
canhodo method. "lith the anode method the metallic :i.ons
go to the cst;hode, but with the cathode method the current
is reversed, causing the ions to be more evenly dispersed
throughout the entire speot.r-um , For this wor-k the tvlO
methods vlere compared, however, the d.ifferences were so
slight that the anode or common method was chosen.
At first, it was thought that the limestones
could be told apart by the presence or absence of elements
or combinations of elements. However, such differences
were very slight and generally not diagnostic, and because
it requires considerable t Lme to make a complete analysis,
it VIas decided to analyze the samples semi-quantitatively
-17-
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for two or three eLemerrcs which are nearly always present
in all samples. Stronth.un and barium were found to be
present in all samples analyzed, ·if no acid treatment
was made on the limestones. ihe relative densities of the
strontium and barium lines 'was used, and the concentration
of bar-Lumwas plotted against the ratio of the concentra-
tion of barium to strontium, using a scatter diagram.
~irst results seemed to show the method to be f'e asLb.le ,
However, further examination proved that it was unsatis-
factory as an arc line was being compared with a spark
line and the two cannot be used in determining ratios.
Also, densities of lines were being compared, and these
densities were dependent on several factors, such as length
of exposure, voltage which sometimes varied, and the amount,
of current. 'l'herefore, it was found necessary to abandon
the procedure and start over as it is nearly impossible
to have identical conditions at all times. 'I'wo courses
of investigation seemed promising, namely; (1) quantita-
tive analyses vrith the addition of an internal standard,
and \2) quantitative analyses with an external standard.
Both of these methods are dependent on some method of
measuring thS densities of the lines of the spectra.
I"rom all indications the addition of an internal
standard wouLd be the best possible method. By this method
densities of lines wouLd be compared, and conditions for
each film could be different but the results could be
correlated as a known amount of some element 'would be
present in each sample. Some method of plotting the results
cOuld be devised, probably similar to the ones which will be
mentioned later on in this repor~. This method of investi-
gation -vvas'abandoned temporarily because it requires a great
amou.nt of time to find suitable standards. However, if
this work is carried on in the future, it is my belief
~hat the me~hod ~ill prove to be the most satisfactory.
Investigations with the use of an external stan-
dard war-e decided upon for the reason that more results
could be obtained during the time which remained. 'l'he
main difficulty with experiments of this sort is the fact
that it::;is nearly impossible to duplicate conditions exact-
ly for each set of samples axam i.ned, !,Llhetheory of the
method is much the same of that using internal standards
except a set of standards containing various runounts of
some elements must be made up and exarnined spectroscopically
with the resulting film used as a standard. This standard
film is compared with films of the samples being analyzed
and ~he runoun~s of ~he elements can be determined. This
method is limited to the de~erminations of elements for
whicn standards have been made. ];J'orthat reason it is
impossible to consider a new element until a standard of
tha~ element has been prepared and examined spectroscopically.
'The elements chosen for external standards were
bDrium and strontium. These 7ere picked for the reason.
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that both elements wero present in all the samples examined,
and they have recognizable lines close to each other in the
spectrum. Samples were made up using barren calcite ~CaC03)
and chemically precipitated barium sulphate and strontium
sulphate 0 Five standards were made containing l.u, 0.1,
0.01, O.UOl, and OouOOl percent of the barium and strontium
salts. Spectrograms of these standards were then made and
used in determining the relative quantities of bariu1l1and
strontium in the unknown limestone samples.
RESLfL':1'SAND CONCLUSIONS
The results obtained so far in this work are
wholly preliminary as much remains to be done. Nothing
definitely conclusive has been proved, but these results
do show some promise •
.l:'igurefive is a diagram showf.ng the characteris-
tic curves of barium and strontium. The spectrograms from
which these· curves were nlotted were made from bar-Lum sul-..
phate (BaS04), stronti-wm SUlphate (Sr304) and calcite
\CaC03). The b ar-Lum and strontium su'Ipha'tes were chemically
precipitated and should be relatively pure. The standards
contained uol% of each sulphate and the curves vlere obtained
by varying the sector opening for each exposure. Sector
opanf.ngs were set at 00, :53.3, 22.2, 14.8, and 10.0 for
this work.
All the samples of limestones that Y/ere used in
maldng the graphs included in this report wer e obtained
-21-
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1
Sample Percent percent Percent Strontium
Barium Strontium Percent -Barium_
1 0.047 0.081 l.722 .0.025 0.057 2.283 0.025 0.050 2'.00
4 0.033 0.055, 1.67
5 0.027 0.075 2~786 0.034 0.089 2.627 0.022 0.136 6.20
.8 0.025 0.127 5.109 0.027 0.148 5.50
10 0.025 0.161 6.45
11 0.022 0.083 3.77 .12 0.021 0.203 9.70
13 0.022 0.102 4.64
14 0.021 0.098 4.6'715 0.055 0.244 4.44
16 0.024 0.063 2.63
17 0.023 0.068 2.96
18 0.022 0.p63 2.80
19 Q.O~2 0.056 1.75
20 0.042. 0.054, 1.29
21 0.022 0.0'78 3.55
22 0.025 0.108 4.32
23 0.023 0.035 1.52
24 0.135 0.049 0.36
25 0.043 0.069 1.59
26 0.053 0.128 2.42
2'7 0.029 0.081 . 2.79
28 0.025 0.060 2.40
29 0.028 0.0'78 2.78
30 0.025 0.054 2.16
31 0.028 0.049 1.'75
32 .0.023 0.057 2.26'
33 0.021 0.043 2.05
34 0.024 0.059 2.46
35 0.021 0.064 3.05
36 0.020 0.057 2.87
37 0.022 0.060 2.73
38 0.025 0.068 2.72
39 0.021 0.063, 3.00
40 0.042 0.055 1.31
41- 0.028 0.062 2.21
42 0.024 0.044 1.83
43 0.025 0.049 1.96
Figure 6. --- Table of Calculations for SamplesAnalyzed
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from an oil well ,Carter-N. P. 1) located in the south-
eaet er-n corner of Montana. These samples Viere used through
the courtesy of the Carter Oil Company.
'I'wo facts must be cona Lde r-ad l' n .. th- - eXaJilJ.lllng e
spectrogrsms of the previously mentioned smaples. First,
all samples Vlere run singly making it impossible to check
the accuracy of the spectragrams. '1'0 secure exact results
these samples should have been run in duplicate or triple-
cate in order that the oper-at.or- could locate any discr-epan-
cies and correct them. Secondly, all results vrere ob-
Figure seven shows the relationship of the rela-
tained with the aid of external standards, and the errors
that may have resulted from this have been mentioned
previously.
tive quantities of strontimn to the formations encountered
at various depths in the Carter-N. P. 1 well. It is rather
interesting ~o note that most formation boundaries are
also regions of major change in the quantity of strontium
Examination of the spectrograms showed that the
present in the samples. Also, the relatively great range
of percentages of strontium should be noted.
variations in barium percentages are much smaller than
small changes in barium percentages this graph (figure8)
for strontium. For this reason barium alone VIas nat plotted,
but the' ratio of strontium to bar-Lurawas. Because of the
-24-
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corresponds remarkably yJi th figure 7.
l"igure nine is a scatter diagram with the "'erl--'
cent barium plotted against the per cent strontium.
There are tVIO interesting observations that can be made
from this graph. First, the samples from the Oharles and
Otter formations seem to' contain a higher percentage of
strontium than the majority of the samples from other
formations. Second, the Barium-Strontium ratio is fairly
consistent for all the formations represented viith the
exception of the Ch.ar-Les and Otter.. However, the number of
samples analyzed is far too feYl to supply conclusive evi-
dence.
Figure eleven is the same type diagram as figures
seven and eight. in this case the magne sd.um content vms
plotted instead of strontium or barium. Interestingly
the ordovician sediments are fairly consistent in the
magnesium content; while other formations vary considerably
in this respecto
In my opinion the methods tried show promise,
but much more· research Vlill h:ve to be carried on before
any definite statements can be made. Possibly some sort
of a ternary diagram can be devised which vlill provide
a suitable method of plotting results. Very possibly
further exrunination will uncover criti cal elements 'which
so far hrvG not bepn used in this nork. Also, it may be
-27-
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• 5 .00
Sample Depth Denslty Formatlon
1 5630 - 40 36.0 Opeche
2 5670 - 80 40.9 If
~ 5750 - 70 39.5 Minnelusa
4 5950 - 60 40.6 Otter ('l)
5 6050 - 70 28.3 U
6 6130 - 50 35.3 If,
7 6260 - 80 19.9 Charles
8 6380 - 90 34.6 U'
9 6390 - 00 26.2 ..,
10 6500- 10 35.6 ..
11 6600- 10 32.2 ..
12 6700 - 10 24.0 U
~3 6800 - 10 30.7 ..
14 6820 - 30 35.3 ..
15 6830 - 40 4'0.6 If-,
16 6840 - 50 37.8 Madl$on ( ?)
17 6900 - 10 36.3 If
18 7000 - 10 ';;0.9 ft
19 7100 - 10 38.5 U
20 7200 - 10 35.5 II
21 7300 - 1-0 34.4 If
22 ~400 - 10 37.3 ,It
23 7500 - 10 39.2 ..
24 ?600 - ~o 32.3 It ( ?)-,
25 7620 - 30 39.~ EnE1ewood l·Y)29 7640 - 50 31.5 II
27 7660 - '70 42.0 Big Horn
28 7700 - 10 42.5 I' II
29 7790 - 00 38.9 tt It-30 7900 - 10 40.1 " .."31 '7990 - 00 41.6 tI ..
32 8100 - 10 40.2 II, t,
33 8190 - 00 40.3 II ..
34 83QO ,-ao 37.8 Whitewood
35 8390 - 00 37.6 ..
30 8500 - 10 35.6 ..
37 8590 - 00 39.3 II
38 8700 - ,l.Q 37.3 ..
39 -8790 - 00 28.5 Wlnnepeg ( 1)
40 89'00- 1-0 31.1 ..
41 899t>- 00 30.9 It
42 9100- -,10 24.2 Cambrian
43 9190 - 00 24.2 ..
Figure 10. --- Table of Relat,ive Denaitiea of the Magneslum
Line on Spectrograms for the Different For-
ma t1ons Samt'led. (Samples from Carter -N.P. 1 well)
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feasible to use a chemical analysis in conjuncition with
a spectrographic analysis. undoubtedly, the external
standard method should be abandoned and an internal stand-
ard used. !\lanyof t~ variable s which must be considered
when external standards are used would be eliminated by
an internal standard, which vvould increase the accuracy
of the results obtained. These possibilities and many
otmrs must be thoroughly investigated before any definite
conclusions as to the practicability of the idea can be
reached.
Correlations can most probably be accomplished
by constructing a series of profiles similar t,ofigur'es
7, 8, and 11 ofthis report. However, the samples should
be taken at much closer intervals than was the case :-.._
v!ith the fevl analyzed so far.
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